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ELECTRONIC  ANGULAR  MOMENTUM  TRANSFER  IN  THE 
I(2p1/2)  + NF^A)  SYSTEM 


Evidence  has  been  observed  for  a nearly  gaskinetic  rate  coefficient 
for  the  E-E  transfer: 

K2pi/2)  + NF(alA)-*-I(2p3/2)  + NF(b1L+)  + 110  cm'1  (1) 

by  using  the  large -diameter , medium-pressure  flow  tube  facility.1  Such  a 

]|c  O 

large  rate  coefficient  had  been  anticipated  by  previous  studies  ’ ’ that 

describe  the  role  of  electronic  spin  conservation  in  the  reactive  F + H?/ 

H + NF2  systems  in  producing  NF  electronically  excited  species. 

The  experiment  involves  determination  of  the  axial  variations  of  NF(aJA) 
and  NFO^Z^)  number  densities  in  a sequence  of  carefully  selected  reagent 

1 Q 

flow  conditions.  This  is  followed  by  observation  of  the  (a  A-X  £')  and 
1 + 3 - 

(b  £ - X £ ) spontaneous  emissions  in  the  axially  translating  reaction  zone. 

1 + 2 

The  enhancement  of  NF(b  £ ) by  the  presence  of  I(  p^2)  can  then  be 
observed,  and  an  estimate  can  be  made  of  the  rate  coefficient  by  using  a 
chemical  kinetic  model  that  fits  the  experimental  number  densities. 

From  the  passage  of  Ar  + NF^  through  an  rf  discharge,  F and  1%  NF2 

are  produced,  which  can  be  reacted  with  D,  and  HI  injected  rapidly  into  the 

principal  flow  from  an  axially  movable  tee  injector  located  on  the  tube  center- 

line.  The  reaction  F + D?  yields  D atoms  in  excess,  which,  in  turn,  react 

c 2 1 

with  NF2  to  predominantely  produce*  NF(a  A).  The  excess  D also  rapidly 

if 

J.  M.  Herbelin,  "The  Role  of  Electron  Spin  in  the  NF  System,"  to  be 
published. 

M.  A.  Kwok,  J.  M.  Herbelin,  and  N.  Cohen  "Collisional  Quenching  and 
Radiative  Decay  Studies  of  NF(a*A)  and  NF(b1£+),"  to  be  published. 

Munson  A.  Kwok  and  Roger  L.  Wilkins,  J.  Chem. phys. 63,  2453  (1975). 

J.  M.  Herbelin  and  N.  Cohen,  Chem.phys.  Lett.  20,  605  (1973). 
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2 3 4 

reacts  with  HI  to  produce  mainly  I(  P atoms.  ’ In  order  to  generate 
sufficient  I(^P^ / 2)»  ^ *s  necessary  to  Pass  O 2 through  a 2.45  GHz  microwave 
cavity  some  distance  upstream  of  the  reaction  zone  to  yield  C>2(a  A).  The  O 
atoms  are  suppressed  by  the  heated  mercuric  oxide  coating  in  the  quartz 

12  5 

sidearm.  The  transfer  02(a  A)  + I(  P3/2)  is  known  to  be  extremely  rapid 
for  the  efficient  production  of  I(^P^2)* 


Flow  conditions  are  chosen  such  that  07(a  A)  is  excess  to  I for  ease  of 

2 

analysis,  but  not  in  sufficient  excess  to  obliterate  evidence  of  the  I(  P.  ,?)  + 

1 2 1 1 

NF(a  A)  transfer  by  the  alternative  process  O,  (a  A)  + NF(a  A).  Typical 

. -1 

reagent  flowrates  for  Case  4 in  Fig.  1 would  be  in  pmol-sec  : F,  15;  NF2» 
0.15;  07,  50;  D?,  150;  HI,  0.08.  Experience^’ 7 indicates  that  the  amount  of 

0,(a  A)  generated  in  the  usual  2.45  GHz  70  W microwave  if  5%  cf  0?.  The 

^ -1  . 
tube  operates  at  1 Torr,  298  K and  6800  cm  sec  . Case  1 is  a previously 

7 

used  baseline.  Cases  2 and  3 verify  the  necessity  of  the  simultaneous 

1 1 1- 

presence,  in  Case  4,  of  0?(a  A)  and  I for  significant  pumping  of  NF(b  £ ). 

^ 1 + 

The  axial  number  density  plot  of  NF(b  £ ) versus  Z shown  in  Fig.  1 for 
Cse  4 shows  this  strong  pumping.  We  interpret  Case  4 to  mean  that  i(2P1/2) 

is  rapidly  produced  with  the  presence  of  07(a  A)  and  then  rapid  transfer 

c 1 

occurs,  as  described  by  Eq.  (1).  Axial  number  density  plots  of  NF(a  A)  for 
Cases  1 through  4 are  virtually  identical.  NF(a*A)  behaves  as  a reservoir 
because,  in  all  cases,  the  NF(b*£+)  is  at  most  only  1%  of  observed  NF(a*A) 
concentrations . 

A quantitative  estimate  of  the  transfer  rate  coefficient  for  Eq.  (1)  can 

be  made.  The  growth  of  NF(b*£^)  for  Case  4 in  Fig.  1 is  found  to  be  qua- 

1 2 

dratic  in  Z (or  time).  This  implies  that  either  NF(a  A)  or  I(  P^2)  *s  *n  a 


^W.  E.  Jones,  S.  D.  MacKnight,  and  Lo  leng,  Chem.  Rev.  73^,  407  (1973). 
^P.  Cadman  and  J.  C.  Polanyi,  J.  Phys.  Chem.  72.,  3715  (1968). 

^R.  G.  Derwent  and  B.  A.  Thrush,  Chem.  Soc.  Faraday  Disc.  53^,  162  (1972). 
^R.  G.  Derwent  and  B.  A.  Thrush,  Trans.  Faraday  Soc.  67,  2036  (1971). 

7E.  W.  Bader  and  E.  A.  Ogryzlo,  Disc.  Faraday  Soc.  37_,  46  (1964). 
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Figure  1.  Axial  Variations  of  the  Number  Densitv  of  NF(b1£+), 
Averaged  Along  the  Tube  Diameter.  Case  1:  F,  NF,, 
D2,  02.  Case  2;  F,  NF2,  D2,  02,  02(a1A).  2 

Case  3:  F,  NF2,  D2,  02,  HI.  Case  4:  F,  NF2, 

D2,  02,  02(a*A),  HI.  The  solid  lines  represent 
model  fits. 


linear  region  of  growth.  A simple  five -kinetic  equation  analysis  for  the  one 

14 

unknown  rate  shows  that  the  lower  bound  for  k. , in  Eq.  (1),  is  2.6  X 10 

3-1-1  1 1 

cm  mol  sec  . The  estimate  is  a bound  because  the  absolute  A) 

density  has  not  been  measured  but  has  been  assumed  to  be  < 5%  of  0?,  and 

1 L 

kj  is  inversely  proportional  to  C^la  A).  A more  detailed  description  of  this 
study  will  be  given  elsewhere. 
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Electronic.  Reeaarch  Laboratory!  Electromagnetic  theory,  device.,  and 
propagation  phenomena,  including  plaama  electromagnetic.:  quantum  electronic, 
laece,  and  electro-optica,  communication  eciancaa,  applied  electronic.,  ..mi- 
conducting.  eiperconducttng,  and  cryatal  device  phyaica.  optical  and  acouatical 
imaging:  atmospheric  pollution,  millimeter  wave  and  far-infrared  technology. 

Material.  Science.  Laboratory:  Development  of  new  matariala;  metal 
matrix  compoaltee  and  new  forma  of  carbon;  taat  and  evaluation  of  graphite 
and  ceramic,  in  reentry;  epacecraft  material,  and  electronic  component,  in 
nuclear  weapon,  environment;  appiication  of  fracture  mechanic,  to  atreaa  cor- 
roaion  and  fatigue-induced  fracture,  in  etructural  metale. 


Space  Science.  Laboratory;  Atmoapheric  and  ionoapharic  phyaica.  radia- 
tion from  the  atmoephere,  denaity  and  compoaition  of  tha  atmoephere,  aurorae 
and  airglow;  magnetoepherlc  phyaica,  coemic  raya,  generation  and  propagation 
bf  plaama  wave,  in  the  magnetnephare;  aolar  phyaica,  etudiea  of  aolar  magnetic 
field.:  apace  aetronomy,  x-ray  aatronomy;  the  effect,  of  nuciear  axploaione. 
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ir.agnetoephere;  tha  effect,  of  optical,  electromagnetic,  and  particulate  radia- 
tiont  in  apict  on  apace  ayatama. 
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